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High-pressure discharge lamp 



The invention relates to a high-pressure discharge lamp. 

High-pressure discharge lamps have become a dominant player in lighting 
retail s^lications, street ligihting, city-beautification, beamers and projection television. 
Trends have emerged which create positive conditions for range extensions. End users in the 
5 maiket become more and more interested in a uniform quality of the light and would prefer to 
easploy high-pressure discharge lamps in stead of using halogen lamps for accent lighting 
because of the higher efScacy. 

Generally, hig|i-pressure discharge lamps of the kind mentioned in the opening 
paragrq>h either have a discharge vessel with a high-temperature resistant ceramic wall or 
10 have a quartz glass discharge vessel. Such high-pressure discharge lamps are widely used in 
practice and combine a high luminous efiScacy with &vorable color properties. The discharge 
vessel of the lanip contains one or several metal halides with or without Hg and a rare gas 
filling for use as a starting gas. 

Generally speaking, the filling of the discharge vessel contains one or more 
IS metal iodides, for instance from tiie alkaU or rare earth groups if necessary combm 

Cs, Na, Ca, etc., with which a desired value for the general color-rendition index CRI and the 
color temperature Tc is realized. Rare-earth metals in this description and these claims are 
understood to mean the elements Sc, Y and the Tanthanides. 

A ceramic wall of a discharge vessel in the present description and claims is 
20 understood to be a wall made from one of the following mat^als: mono-crystalline metal 
oxide (for example sapphire), translucent densely sintered polycrystalline metal oxide (for 
example AI2O3, YAG), and translucent densely sintered polyoystalline metal nitride (for 
example AIN). 

25 

A high-pressure discharge lamp of the type defined in the opening paragraph 
is known from Patmt US-A 2 9S1 171. The known high-pressure discharge lamp comprises a 
light-transmissible envelope, an inert gas filling, a pair of axially aligned spaced conductive 
electrodes within the envelope. The electrodes have a conical depression and an axially 
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cylindrical lecess which is filled with a material with a high electron emission. The 
electrodes are provided with a helically coiled metal wire in contact with the wall of the 
recess. A disadvantage of the known high-pressure discharge lamp is that it is relatively 
difficult to manufacture the electrodes in the discharge lamp. 

5 

The invention has for its object to eliminate the above disadvantage wholly or 
partly. According to the invention, a high-pressure discharge lamp of the kind mentioned in 
Ifae opening paragraph for this purpose comprises: 
10 a disdtiarge vessel enclosing a discharge space which contains an ionizable 

filling, 

the discharge vessel having a first and a second mutually opposed neck-sh^ed 
portion provided with a pair of electrodes arranged in the discharge space, 
eadi electrode being tubular over its entire length. 

IS By enoploying electrodes which are tubular over their entire length, it was 

suiprisingly observed that the starting behavior of the discharge lamps is advantageously 
improved Upon starting the high-pressure discharge lamp according to the invention, the 
ignition starts at a top of the tubular electrode, l^on igniting the known discharge lamp, the 
arc starts somewhere on die electrode. In the known discharge lamp, the arc usually attadies 

20 to apart of Ifae electrode remato fixim the top of the electrode. When the temperature in Ifae 
known discharge lamp rises» tfae arc gradually moves towards the top of the electrode. This 
movement leads to imwanted sfputtering of the electrodes and reduces the maintenance and/or 
the life time of Ifae known discharge lamp. 

In Ifae high-inressure discharge lamp according to tfae invention the arc, upon 

25 igcdting, reaches firom hole to hole in tfae tubular electrode. Sputtering is diminished and glow 
to arc transitions are minimal. Not wishing to be held to any particular theory, it is believed 
that the hole in Ifae tubular electrode according to tfae invention functions as a cathode. In 
addition, it is believed that Ifae dimensions of the hole in tfae tubular electrode determine the 
cathode fimction and Ifae wall thickness of tfae tubular electrode determines the anode 

30 fimction of the high-pressure discharge lamp according to the invention. 

Preferably, the tubular electrodes are made of tungsten. Jn principle no 
additives, such as Y, Rh, Dy or Ce, are necessary for a good performance of the discharge 
lamp according to the invention. The ternperature of the discharge lamp with tubular 
electrodes essentially made of tungsten can be controlled in a good manner. In addition, the 
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operating temperature of the discharge lamp with tabular electrodes of purely tungsten is 
approximately 100 degrees (Celsius) lower than that of the known discharge lamp. A 
considerably cost reduction is obtained for the discharge lamp according to the invention 
because ihe addition of the relatively expensive additives to the tungsten electrodes is no 
5 longer necessary and, in addition, a coil is no longer necessary. Preferably, the tubular 
electrodes are made by extrusion and sintering of tungsten. 

Jn the known hig^-pressuie discharge Isaaap ftxe manu&cturing of the 
electrodes is relatively difficult because the thermal contact betwem the coil and the 
electrode is difficult to controL In addition, Ihe position of the coil with respect to Ihe top of 

10 the electrode is difScult to controL In particular, the wire-ends of flie coils influence the 

behavior of the electrode and, if they are protruding from the electrode. Hie arc will attach at 
the protrusion and Ifae coil wire will melt back because of llie high temperatures reached. In 
addition, during life of the known discharge lamp, Ihe coil can melt to the electrode thereby 
cTiqnging Ifae elcctrode behavior into an unwanted temperature region cause (early) Mlure of 

15 the known discharge lansp or a substantial degradation of the performance of the known 
discharge lanqi. To this end an advantageous embodiment of the hi^-pressure discharge 
lanxp according to Ihe invention is characterized in that the electrodes are free from coils in 
the discharge space. 

A preferred embodiment of the highrpressure discharge lamp according to the 

20 invention is characterized in that the electrodes extend to outside the discharge vessel This 
fiusilitates the ntianufacture of the discharge lamp according to the invention. Preferably, the 
electrodes are partially filled with a rod welded at a side of the electrodes &cing away firom 
the discharge space. This massive rod enables an electrical cozmection and regulates the 
temperature profile of the electrode. Preferably, the rod extends into the discharge space. An 

25 advantage of a massive rod issuing from the electrode reaching into the discharge space is 
that with the same outer dimensions of the electrode, a heavier electrode is formed with a 
lighter tip, ignition will still be fix)m the top of the tubular electrode because there thermal 
losses will be lowest at start and the arc will move toward the tip of the extruded rod, 
preventing back arcing at undesired places. 

30 The new design of the electrodes in the high-pressure discharge lamp 

according to the invention leads to new design parameters for the shape of the discharge lamp 
as well as for the electrodes. To this end a preferred embodiment of the high-pressure 
discharge lamp according to the invention is characterized in that the ratio between the irm^ 
diameter din and the outer diameter dout of the electrode is in the range: 
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0^ ^ A- < 0.8 . 

Either the wall or the hole has to perform as a cathode. By way of example a tabular 
5 electrode with a diameter 1 000 |xm witii a imier diameter of 350 pin has a suitable wall 
thickness of 350 )Jin. If the inner diameter would be 100 )im the wall thickness would be 
450 pm. If the inner diameter would be 800 )jm the wall thickness would be 100 pm. 

Sample tubular electrodes have been made and tried out in a 250 Watt 
Ceramic Discharge Metal halide lamps, the so-called CDM lamps. Experiments have shovm 

10 tiiat the high-pressure discharge lamp provided with the tubular electrodes according to the 
invention performed as e^qpected. In particular, aU discharge lamps ignited on the top of the 
electrode. In addition, re-ignition spikes were low and ignition and take-over went smooth. In 
addition, a high-pressure discharge lamp with a tubular electrode according to the invention 
was burned under steady state conditions at a relatively low current 1.3 Ampere in stead of 

15 the normal 2.5 Ampere. It was found that under such conditions the discharge lamp 

performed adequately. From observations of burning discharge lamps is was observed that in 
the anode phase the arc is on Ifae top of the electrode and in the cathode phase the arc moved 
to the inner side of Ifae waUL 

20 

These and olfaer aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 
In the drawings: 

Fig. lA shows an einbodiment of Ifae high-pressure discharge lamp according 
25 to Ifae invention; 

Fig. IB sho^ a detail of Ifae highrpressure discharge lamp as shown in 
Figure 1 A, and 

Fig. 2 shows an alternative embodiment of the high-pressure discharge lamp 
according to Ifae invention. 
30 The Figures are purely diagrammatic and not drawn to scale. Notably, some 

dimensions are shown in a strongly exaggerated form for the sake of clarity. Similar 
components in the Figures are denoted as much as possible by the same reference numerals. 
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Figure 1 A veiy schematically shows a high-pressure discharge lamp according 
to the invention wilh a cut-away view of a discharge vessel 10. The discharge vessel 10 has a 
ceramic wall which encloses a discharge space 11. The discharge space 1 1 contains an 
S ionizable fQling which in ihe case shown contains not only Hg, hut also Na, Ca and Tl halide. 
The discharge vessel 10 is provided with a first neck-shaped portion 2 and a second 
nedc-shaped portion 3 through which a first current-supply conductor 4 and a second current- 
supply conductor 5, respectively, extend to a pair of electrodes 6, 7 arrange in the dischaige 
space 1 1. Each electrode 6, 7 is comprised of tungsten (W) and is tubular over its entire 

10 length. The construction of the discharge vessel is known per se. 

Li the example of Figure lA, the dischaige vessel is surrounded by an outer 
bulb 1 on one end, having a lamp base 2. Between the electrodes 6, 7 there is a discharge 
v/bea the high-pressure disdxaige lamp is in operation. Electrode 6 is connected via a 
conductor 8 to a first electrical contact which forms part of the lamp base 2. Electrode 7 is 

15 connected via a conductor 9 to a second electrical contact which forms part of the lamp base 
2. In the example of Figure 1 A, the electrodes are free fix>m coils in the discharge space. This 
has tihe advantage that the manufacturing of the electrodes is relatively sin9)le. In addition, 
during life of the known dischaige lamtp, there are no problems that the coil might melt to the 
electrode thereby changing the electrode bdiaviour into an unwanted temperature region 

20 cause (early) failure of tiie known discharge lamp or a substantial degradation of the 
performance of the known discharge lamp. 

In a practical embodiment of a high-pressure discharge lamp according to the 
invention as described in the drawing, the nominal power of the lamp is 70 W and the Isatsp 
has a nominal lamp voltage of 90 V. The translucent wall of the disdiarg^ vessel has a 

25 thicknras of sqpproximately 0.8 mm. The inner diameter of the disdiarge vessel is 

approximately 6.85 mm, the distance between the tops of the electrode is ^^proximately 
7 mm. In the example of Figure 1, the ionizable filling of the lamp contains 4.6 mg Hg, 7 mg 
(Na+Tl+Ca) iodide having a molar percentage conoposition of 64 mol% Na, 5 mol% Tl and 
31 mol% Ca of the total molar quantity of the iodides. The discharge vessel also contains Ar 

30 as a start enhancer with a filling pressure of 300 mbar. During the operation of the lamp, T^^ 
is 1265 K. The lamp emite Ught with a specific luminous flux of 90 ImAV for 100 hours. The 
color temperature Tc of the emitted lig^ is 3150EL. The general color rendition index Ra is 
approximately 90. 
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Figure IB schematically shows a cross-sectional view of a detail of tiie high- 
pressure discharge lamp as shown in Figure 1 A. Only tiie second neck-shaped portion 
referenced 3 is shown tiirough which the second current-supply conductor 5 extends to a 
tubular electrodes 7 arranged in the discharge space 11. Preferably, the current-supply 
5 conductor 5 is made of niobium. In between the current-supply conductor 5 and the tubular 
electrode 7, a rod 15 of molybdenum or a cermet is provided Ihe neck-shaped portion 3 
closely surrounds the tubular electrode 5 and the Mo rod 15 with clearance. A melting- 
ceramic joint 21 is provided between the current-supply conductor 5, the Mo rod 15 and the 
wall of the neck-shaped portion 3 thereby providing a gas-tight closure of die discharge space 
10 13 in the discharge vessel 10. 

Figure 2 schematically shows an alternative embodiment of the highrpressure 
discharge lamp according to the invention. Only the second neck-shaped portion referenced 3 
is shown. In this embodiment of the high-pressure discharge lamp according to the invention 
the electrode 7 esctends to outside the discharge vessel 10. In addition, in the embodimmt of 
15 Figure 2, tiie electrode 7 are partially filled with a rod 1 1 welded at a side of the electrode 7 
facing away finm the discharge space 13. Massive rod 1 1 is, pre:fe:ably, is made of Mo, of W 
or of Sh. Molybdenum is a very suitable material because it is che^ and shows an excellent 
resistance against the iodide-atmosphere in the discharge vessel. 

In an alternative embodiment of the high-inressure discharge lanq) according to 
20 the invention (not shown in Figure 2), Ihe rod 11 extends into the discharge space 13. Li a 
further alterative embodiment (not shown in Figure 2) the rod 11 in the discharge space 13 
protrudes fix)m Ihe tubular electrode 7. 

The new design of the electrode in the hig^-pressure discharge lan^ 
according to the invention leads to new design parameters for the shape of the discharge lamp 
25 as well as for the electrodes. In Figure IB and 2 die inner diameter dm and the outer diameter 
doat of the tubular electrode 7 is also indicated. In addition, the mner diameter dnsp of the 
neck-sh^ed portion 3 is also indicated in Figure IB and 2. Preferably, the ratio between the 
inner diameter 4n and Ihe outer diameter dout of the electrodes 6, 7 is in Ihe range: 

30 0.2 < < 0.8 . 

Preferably, the inner diameter of the tubular electrodes 6, 7 is at least 20 pm. 
A favorable lower limit for die inner diameter is SO pm. 
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Because no coil is to be attached to liie tabular electrode 7, the diameter of the 
neck-shaped portion 3, 4 can be substantially smaller than that of the known high-pressure 
discharge lamp. There has to be a clearance between the parts of the electrode (not only the 
part made of tungsten but also the part made of molybdenum) and the inner wall of the neck- 
5 shaped part of the burner (also caUed the 'Vap"). This clearance is determined by Ifae thermal 
e?qpansion coefficients and technical tolerances. Because the rod and coil have to pass 
through Hie neck-shaped porti<xti 3, 4, the inner diameter of the neck-shaped portion 3, 4 is 
larger tihan necessary and is normally filled for the most part by the molybdenum feed 
through. The profit comes fiom the &ct lhat if the hole in the neck-shaped portion can be 
10 noade substantially smaller than in the known discharge lanip, also Ifae volume ^v^ch is filled 
with salt is substantially reduced. Preferably, the ratio of Ifae outer diameter dout of the tubular 
electrodes 6,7 and the inner diameter dssp of the neck-shaped portions 3, 4 is in the range: 



0.8 <^ < 0.95. 



15 



An advanta^ of a smaller neck-sh^ed portion 3, 4 is that less salt can be used 
in the high-pressure discharge lamps. In particular, an advantageous reduction of up to 80% 
of the salt content in the discharge vessel 10 can be realized. 

A preferred embodiment of the faitgh-pressure discharge lamp according to the 
20 invention is characterized in that the ratio between the electric current ^ of tihe high- 
pressure discharge lamp and the outer diameter dout of the electrodes 6, 7 is in tfae range: 

2 < ^"^^ < 6 

25 In the above formula, the electric current is e:q)ressed in Ampere Watts and 

the diameter in millimeters. Not wishing to be held to any particular theory it is assumed that 
the power Panode to the anode phase governing the temperature of the electrode tip is 
determined by: 



30 



Paoode=I X [Vanode + WOrk functiou] 
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(for example 4.5 eV for tungsten). The size of the known electrode rods is governed by the 
power in the anode phase. The temperature of the tip of the electrode can be calculated 
assuming the same current density taking an upper limit of 3200 K and a lower limit of 
2200 K. In this man the above-mentioned relationship is obtained for the ratio between the 
5 electric current Imhi of the high-pressure discharge lamp and the outer diameter dout of the 
electrodes 6, 7. 

By way of example for a high-pressure discharge lamp of 250 W, a suitable 
outer diameter dout of the tubular electrode is approximately 680 jjm. A suitable thickness of 
the wall of the tubular electrode is approximately 140 pm. A suitable inner diameter d^sp of 

10 Ifae neck-shaped portions 3, 4 would be in the range fix>m approximately 830 to 880 pm. A 
conventional rod electrode for a known 250 W M^-pressure discharge ]smp with similar 
wattage would have a diameter of approximately 800 pm. A coil with wire thidmess of 
250 fixn would normally be wound around the rod, giving a total diameter of rod and coil of 
1300 Jim. This would normally require as inner diameter dnsp of Ihe neck-shaped portion of 

15 approximately 1500 pm. The reduction in salt for the discharge lamp according to tiie 
invention as compared to the known discharge lamp is in the range from 50 to 70%. 

Another example of a high-pressure discharge lamp of 70 W, a suitable outer 
diameter dout of the tubular electrode is approximately 415 |im. A suitable thickness of the 
wall of the tubular electrode is approximately 85 |im. A suitable inner diameter dnsp of the 

20 neck-shaped portions 3, 4 would be approximately 550 ^m. A conventional rod electrode for 
a known 70 W high-pressure discharge lanq) with similar wattage would have a diameter of 
approximately 300 pm. A coil with wire thickness of 170 )xm would normally be wound 
around the rod, giving a total diameter of rod and coil of 650 pm. This would normalfy 
require as inna: diameter of the neck-shaped portion of approximately 775 \isxl The 

25 reduction in salt for Ihe discharge lamp according to the invmtion as compared to the known 
discharge lamp is in the range fiom 30 to 50%. 

Yet another example of a high-pressure discharge Uaoap of 35 W, a suitable 
outer diameter doot of Ifae tubular electrode is approximately 300 |jm. A suitable thickness of 
the wall of the tubular electrode is approximately 60 \mx. A suitable inner diamet^ dnsp of the 

30 neck-shaped portions 3, 4 would be approximately 435 \xm, A conventional rod electrode for 
a known 35 W hig^-pressure discharge lamp with similar wattage would have a diameter of 
approximately 200 Jim. A coil with wire thickness of 125 fim would normally be wound 
around the rod, giving a total diameter of rod and coil of 450 ^m. This would normally 
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require as inner diameter dnsp of the neck-shaped portion of approximately 585 |Lim. The 
reduction in salt for the discharge lamp according to llie invration as compared to the known 
discharge lamp is in the range from 30 to 50%. 

Generally speaking, practically all known hig^-pressure discharge lan:ps have 
5 electrodes in the typical form of a tungsten rod wiHi a tungsten coil wound around it. The coil 
is eitiier welded or clamped on the rod. The coil has a large influence on the starting behavior 
and on the catiiode phase in steady state (re-ignition peaks). The coil chances ignition and 
take-over, by providing a spot the arc can easily attach to tbe coiL It is believed that the 
enhancement is due to three &ctors. At igniticm deformities give a distortion of the electric 

10 field, in combination with charges on the wall this &cilitates ignition. Secondly, the coil 

reaches a high temperature &ster than the rod due to a low mass and lower heat conductivity 
(contact fiom the coil to the rod is a point-line contact e.g. high tiiermal resistance). Thirdly, 
the arc seems to attach in betv^een tvfro windings of the coiL 

A number off drawbacks of the existing rod + coil configurations has been 

15 found. One difSculty is how to make reproducible electrode because the thermal contact 

betw'een coil and rod and the position of the coil witii respect to the top of the rod are difBcult 
to control variables. Ih additim, the wire-ends of the coil influence the electrode behavior 
and if they are protruding firom the rod the arc will attach there and the coil wiro will melt 
back because of the high temperatures reached. During life the coil can melt to the rod 

20 changing the electrode behavior into an unwanted temperature region which will cause 
&ilure of the lanip or degrade its performance signiflcantiy. 

According to the present invention, a tube-like electrode made of tungsten is 
used. The hole in the pipe frmctions as a cathode so in principle this is an electrode out of a 
single piece where the dimension of the hole determines the cathode function whereas the 

25 amount of tungsten per millimeter determines the anode function. An additional advantage is 
found upon starting the high-pressure discharge lamp because ignition will now go from the 
top of one electrode to the top of the adjacent electrode. It is observed the arc attaches to the 
hole of the tubular electrode and not from somewhere else on the electrode. In this manner 
arc attachment does not move during run-up but provides power to the top only as desired. In 

30 the high-pressure discharge lamp according to the invention sputtering is largely diminished 
and glow to arc transitions are minimal thereby having a beneficial effect on life and 
maintenance of the discharge lamp according to the invention. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
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embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. Use 
of the verb "comprise" and its conjugations does not exclude the presence of elements or 
steps other than those stated in a claim. The article "a" or "an" preceding an element does not 
exclude the presence of a plurality of such elements. The invention may be implemented by 
means of hardware comprising several distinct elemoits, and by means of a suitably 
programmed computer. In the device claim enumerating several means, several of these 
means may be embodied by one and the same item of hardware. The mere fact that certain 
measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures cannot be used to advantage. 
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CLAIMS: 



1. A high-pressuie discharge lamp comprising: 

a discharge vessel (10) enclosing a discharge space (1 1) which contains an 
ionizable filling, 

the discharge vessel (10) having a first (2) and a second (3) mutually opposed 
5 neck-shaped portion provided with a pair of electrodes (6, 7) arranged in the discharge space 
(13), 

each electrode (6, 7) being tabular over its entire length. 

2. A high-pressure discharge lamp as claimed in claim 1, characterized in that in 
10 the discharge space (13) the electrodes (6, 7) are firee from coils. 

3. A high-pressure discharge lamp as claimed in claim 1 or 2, characterized in 
that the electrodes (6, 7) extend to outside the discharge vessel (10). 

IS 4. A high-pressure discharge lamp as claimed in claim 3, characterized in that the 

electrodes (6, 7) are partially filled with a rod (1 1) welded at a side of the electrodes (6, 7) 
&cing away firom the discharge space (13). 

5. A high-pressure discharge lanxp as claimed in claim 4, characterized in that the 
20 rod (1 1) extends into the discfaaige space (13). 

6. A high-pressure disdbiarge haaap as claimed in claim 1 or 2, characterized in 
that the ratio betv^een Ihe inner diameter dm and Ihe outer diameter dout of the electrodes (6, 7) 
is in the lang^: 



25 



0.2 < < 0.8 . 
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7. A high-pressure discharge lamp as claimed in claim 1 or 2, characterized in 
lhat the inner diameter of the tubular electrodes (6, 7) is at least 20 fmi. 

8. A high-pressure discharge lamp as claimed in claim 2, characterized in that the 
ratio of the outer diameter dout of the tabular electrodes (6, 7) and the inner diameter dnsp of 
the neck-shaped portions (2, 3) is in tibie range: 

0.8 < 0.95. 

9. A Ugh-jiressure discharge lanqp as claimed in claim 1 or 2, characterized in 
that the electrodes (6» 7) are made of tungsten. 

10. A high-pressure discharge lamp as claimed in claim 1 or 2, characterized in 
lhat the ratio between the electric current Imu of the high-pressure discharge lamp and Ihe 
outer diameter doot of Ihe electrodes (6, 7) is in Ihe range: 

"cut-Ob. 

whocdnllie decttic current is expressed in Ampere and llie diameter in millimeters. 
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ABSTRACT: 



A high-pressuie discharge lamp has a dischaige vessel (10) enclosing a 
discharge space (1 1) yMch contains an ionizable filling. The discharge vessel has a first (2) 
and a second (3) mutually opposed nedc-shaped portion provided with a pair of electrodes (6, 
7) arranged in Ifae discharge space (1 3). Each electrode is tabular over its entire length. 
5 Preferably, the electrodes in the discharge space are firee firom coils. Preferably, the electrodes 
extend to outside the discharge vessel. The high-pressure discharge Iwap according to the 
invention is relatively easy to manufacture. 



10 Fig. lA 
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